INTRODUCTION
The term infraorbital canal/groove (IOC/G) complex was first used by Scarfe et al. in 1998 [30] . They distinguish 3 potential variations of this structure: the canal only, the groove only, and the canal plus groove variation [30] . However according to our observations, this structure is more variable. To the best of our knowledge, no previous classification of the IOC/G complex depending on percentage proportions has been proposed.
The infraorbital foramen, canal and groove constitute the natural passage for the infraorbital nerve and vessels. Traumatic or iatrogenic injury to the infraorbital nerve may result in hypoesthesia, paraesthesia or neuralgia in this area. Injury to the artery may also cause posttraumatic atrophy of the orbital structures and enophthalmos, or even blindness due to the compression of the optic nerve [5, 8] . It is believed that the groove mechanically weakens the inferior wall of the orbit. The orbital floor is relatively thin medial to the infraorbital nerve and can be fractured easily, and this is the portion of the floor which is usually removed during floor decompression [3, 4, 8, 15, 25, 26] .
The IOC/G complex is an important landmark in the orbital floor during surgery, especially for endoscopic and reconstructive techniques, and it is to be avoided during any dissection. The infraorbital nerve and vessels are protected by the canal but they can be easily destroyed by manipulations in this region of the groove [4, 23] .
The aim of our study was to describe and classify the IOC/G complex in dry human skulls and to evaluate the presence of asymmetry within the IOC/G complex.
MATERIALS AND METHODS
Seventy orbits of 35 human dry skulls from the Department of Anatomy, Medical University of Lodz, Poland, were measured. The samples derived from the Polish population. Age and gender were not considered as variables.
The following morphometric measurements were collected ( Fig. 1) : -S-C -the distance between the posterior and anterior margins of the infraorbital groove; -C-IOF -the distance between the posterior margin of the infraorbital canal and the superior margin of the infraorbital foramen; -S-C-IOF -the total length of the infraorbital canal-groove complex was defined as a S-C plus C-IOF distance.
Mean measurements with the standard deviations (mean ± SD), median, maximal and minimal measurements, as well as the proportions between the groove and the canal, are presented.
The proportions between the length of the infraorbital groove and the canal for each IOC/G complex were calculated. Our classification of the IOC/G complex is based on the ratio of the S-C to the S-C-IOF measurements, converted into a percentage -as the IOC/G index (IP) -with the following formula:
The following parameters were also calculated: -SR -(the left/right symmetry ratio) -the proportion of the parameter measured on the left to the parameter measured on the right -calculated with the simple formula [20] :
A symmetry ratio SR > 1 indicates that the left side is larger than the right side; a symmetry ratio SR < 1 suggests that the right side is greater than the left one. A symmetry ratio SR = 1 indicates perfect symmetry.
-AI -(the asymmetry index) -counted according to the formula [28] :
The right side measurement was used as a reference. Negative values indicate that the left side was bigger than the right side. The minus symbol was not considered for statistical analysis. All results were tabulated and separated by side.
Statistical analysis
The Shapiro test was used to determine whether the parameters were normally distributed and Brown-Forsythe test for testing the equality of group variations. The dependent t-test for paired samples and the Wilcoxon singled-rank test were used to compare the distances between craniometrical points on the two sides. The Krushal-Wallis one-way analysis of variance and the multiple sample contrast test were performed to evaluate differences in the asymmetry of the analysed parameters, while the Mann-Whitney U test was used to evaluate the dominance of right or left side asymmetry. P < 0.05 was taken to be significant. No examples with only groove or only canal variations were found in the 35 adult human skulls (70 orbits). All the skulls displayed an IOF and infraorbital groove-canal complex on both sides.
Type II was the most common variation of the IOC/G complex among all types in our classification ( Fig. 2 ): It appeared in 68.6% of cases (Fig. 3) . The infraorbital groove was shorter than 1/3 of the IOC/G complex in 11.4% (type I) (Figs. 2, 3 ) and longer than 2/3 of the IOC/G complex in 20.0% (type III) (Figs. 2, 3) .
The mean length of the infraorbital groove plus canal complex (S-C-IOF) with SD on the right and on the left side was 27.71 ± 3.54 mm and 28.11 ± ± 3.22 mm, respectively. The mean distance and SD between the posterior and anterior margin of the infraorbital groove (S-C) was 13.49 ± 3.87 mm on the right side and 14.14 ± 4.36 on the left side. The average distance with SD between the posterior margin of the infraorbital canal and the infraorbital foramen (C-IOF) was 14.23 ± 4.68 mm on the right side and 13.71 ± 4.62 mm on the left side (Table 1) .
No S-C asymmetry was observed in 8.6% of the samples, no C-IOF asymmetry was found in 11.4% of the samples, and no S-C-IOF asymmetry was found in 14.3% of the samples (Table 2 ). An asymmetry of
RESULTS
According to the macroscopic and canal/groove length proportions analyses, 3 types of IOC/G complex may be distinguished. Our classification of the IOC/G complex into 3 types is defined as follows (Fig. 2) : -type I -for IP = [0-33.3%]; the infraorbital groove is shorter than 1/3 of the IOC/G complex; the length of the roof of the infraorbital canal is equal or longer than 2/3 of the IOC/G complex; 1-2 mm for S-C and C-IOF distances were found in 60.2% and in 51.5% of the orbits, respectively. An asymmetry of 1-2 mm for the S-C-IOF distance was present in 42.9% of orbits (Table 2 ). An asymmetry of 3 mm and more for the S-C and C-IOF distances were found in 31.2% and in 37.1% of cases, respectively ( Table 3) . The left/right symmetry ratio showed that the left measurements were more often longer than the right measurements. The right-side S-C, C-IOF and S-C-IOF measurements were longer in 28.6%, 42.9% and 34.4% of the cases, respectively (Table 4) , while the left-side S-C, C-IOF and S-C-IOF distances were longer in 62.8%, 45.7% and 51.4%, respectively, according to the asymmetry indexes (Table 5) .
DISCUSSION
In the scientific literature, only one classification of the canal/grove complex exists [30] . In 1998, Scarfe et al. [30] distinguished 3 types of this stru- Osteometric measurements: S-C -the distance between the posterior and anterior margin of the infraorbital groove; C-IOF -the distance between the posterior margin of the infraorbital canal and the infraorbital foramen; S-C-IOF -total length of the infraorbital canal-groove complex Osteometric measurements: S-C -the distance between the posterior and anterior margin of the infraorbital groove; C-IOF -the distance between the posterior margin of the infraorbital canal and the infraorbital foramen; S-C-IOF -total length of the infraorbital canal-groove complex Osteometric measurements: S-C -the distance between the posterior and anterior margin of the infraorbital groove; C-IOF -the distance between the posterior margin of the infraorbital canal and the infraorbital foramen; S-C-IOF -total length of the infraorbital canal-groove complex Osteometric measurements: S-C -the distance between the posterior and anterior margin of the infraorbital groove; C-IOF -the distance between the posterior margin of the infraorbital canal and the infraorbital foramen; S-C-IOF -total length of the infraorbital canal-groove complex cture based on a radiographic study. According to Scarfe's classification, type I was defined as a radiopaque canal with two parallel ridges appearing as radiopaque lines. Type II was described as a radiolucent canal with no parallel ridging or linear radiopacities and type III -as a combination of type I medially (i.e. with linear parallel radiopacities) and type II laterally (i.e. radiolucent with no radiopaque ridging). In that study, the IOC/G complex could be visualised on 81.3% of panoramic radiographs and the prevalence of type I, type II, type III on the right and left sides was 22%, 5.75%, 22.25% and 20%, 7.5%, 22.5%, respectively. Overall, completely covered canal formation was found in 42% of cases; continuous groove variation in 13.25%, and a composite of groove and canal variation in 44.75% [30] . Some authors use absolute values to describe the morphological proportions between the groove and the total length of the IOC/G complex (Table 6) [11, 21, 29] . Other authors showed an incidence of the complete canal roof presence (Table 7) [8, 10, 16] . However, as this study not only uses absolute values but also relative values, our classification is difficult to compare with previous studies.
To the best of our knowledge, no IOC/G complex classification based on the anthropometric appearance has been presented in previous studies. Hence, we propose this new classification which defines 3 types of IOC/G complex. All examined cases were canal plus groove variation, as no examples were found of an infraorbital canal or infraorbital groove shorter than 6 mm. Also, no cases of complete roof of the infraorbital canal nor groove-only variations were found in our study, but 14% of the orbits registered a C-IOF distance shorter than 10 mm. In contrast to other studies, no orbits without a groove (canal-only variations) were seen. Chien et al. [8] found no groove (canal only) variations in 3.8% of examined Chinese cadavers. Similarly, Hindy et al. [10] noted orbits with no groove in 25% of studied Egyptian skulls and cadavers, and Kazkayasi et al. [16] canal-only variations in 50% of studied bony heads from the Turkish population (Table 6 ). The roof covering the anterior part of the IOC/G complex has been reported to be of variable length ( Table 7) . The mean distances from the orbital rim above the infraorbital foramen to the posterior margin of the covering of the infraorbital canal ranged from 12.3 ± 3.7 mm to 17.08 ± 3.64 mm [11, 21] . The average distance between the infraorbital foramen to the posterior margin of the covering of the infraorbital canal on the right and on the left sides were 14.64 ± 4.53 mm and 14.16 ± 4.54 mm, respectively, in the present study. It was similar to Rontal et al. [29] description that indicated the mean distance between the same points on 14.00 mm.
Several authors emphasise the role of the infraorbital complex in surgery [2, 5, 6, 12, 15, 16, 23] . A detailed knowledge of the anatomical morphometry of this area is necessary for many maxillofacial procedures. The Caldwell-Luc procedure combined with endoscopy is described by Rizk et al. [27] , who identified the infraorbital nerve before removing the median portion of the orbital floor of the orbit. The pathway of the infraorbital triad is used as an important landmark during endoscopic orbital decompression for thyroid ophthalmopathy such as the Walsh-Ogura procedure [2, 17, 31] . It is emphasised that the region of the infraorbital canal and groove is crucial in surgical reconstructions [1] . Manipulations in this region during such procedures as rhinoplasty, tumour surgery of the maxilla and molar fractures and Le Fort I type osteotomies may result in an iatrogenic injury to the infraorbital nerve and vessels [9, 14, 18, 22] .
The orbit can be affected by a large number of disorders: traumatic, endocrine, vascular, neoplasmatic, and congenital. Knowledge about safe distances between structures is crucial in preoperative planning to avoid postoperative complications [7, 13, 19, 24] .
CONCLUSIONS
A detailed knowledge of the anatomic morphometry of the inferior orbital wall area is necessary for surgeons while planning and performing maxillofacial surgery. The type III IOC/G complex, according our classification, seems to be the most likely exposed to trauma during surgical manipulations. Variations in the anatomy of the IOC/G complex should be kept in mind when performing orbital surgery to avoid complications.
